Technical Errors in Electrocardiography
Electrocardiography has long been established as an indispensable, precise laboratory procedure in the diagnostic study of a patient and in the management of heart disease. The evaluation of the heart's status is incomplete without an electrocardiogram. Furthermore, the scope of the method has been widened by its demonstrated usefulness in such fields as disturbances in metabolism and elec· trolytes. In many institutions it has become nearly as much a part of the routine workshop as the blood count, urinalysis, and chest film, Certain abuses of the method have tended at times to cause it to fall temporarily into disfavor and have called forth undue condemnation. Mistakes in electrocardiographic diagnosis can and do result in serious errors in management and in prognosis. It is understandable why certain physicians have come to question the true value of the electrocardiogram and to look with some scorn upon the "little black box. "
A skeptical attitude is stimulating to a certain degree, as it serves to emphasize the fact that the clinical status of the patient is by far the most important factor in the evaluation and management of the patient's trouble. The electrocardiogram is always to be considered as a supple. mentary laboratory examination to be interpreted in the light of the clinical findings. the diagnosis, as in the cases of cardiac arrhythmias, or suggest it, as in cases of painless myocardial infarction. On the other hand, it may obscure the diagnosis when the examiner may not be aware of the fact that many patients with angina pectoris have a normal resting electrocardiogram, and others rarely present transient myocardial infarction patterns during anginal pain.
There are three possible sources of error in electrocardiography: (1) in the technical recording of the tracing, which may be a fault of the technician or of the instrument ; (2) in the actual analysis and interpretation of the electrocardiogram by the electrocardiographer; (3) in the application of this interpretation to the over-all clinical picture.
In a busy heart station, we have been impressed with the frequency with which errors in diagnosis have resulted from the assumption on the part of the physician that the tracing presented to him is the true technically correct electrocardiogram of the patient. Erroneous diagnoses, reo fleeting discredit on the method, often occur as a result of improper technique on the part of the operator, or faulty performance of the instrument. We have seen such mistaken diagnoses as myocardial infarction and dextrocardia made on the basis of reversal of right and left arm electrodes, and ventricular fibrillation made on the basis of marked somatic artifacts. It is the purpose of this paper to review the various types of common technical errors and to point out how these may be recognized on the tracing.
Faulty recording usually can be readily recognized if the physician begins his study of the electrocardiogram by a preliminary survey of the tracing before it is cut. He should be alert at this time for errors in tech. nique which will interfere with the accuracy of his interpretation. The various technical pitfalls, which are usually avoidable, can be presented best by a review of our experiences in selected cases.
The standardization is usually 10 mm. per millivolt and should be recorded in each lead while the baseline is horizontal, between the T and P waves. If by error the sensitivity is between 5 and 15 mm. per millivolt, compensatory correction can be made during the interpretation. If it is more than 15 mm. per millivolt, the tracing probably should be repeated because of difficulties from overshooting. If it is less than 5 mm. per millivolt, the complexes may be too low in voltage for adequate interpretation.
Low or high voltage due to improper standardization can be detected promptly if the technician is required to record the standardization in each tracing. Low voltage in all leads is not in itself definitely abnormal and does not point to a specific diagnosis. However, it is found in such pathologic conditions as hypothyroidism, myocarditis, pericarditis with effusion, pleural effusion, anasarca, and diffuse myocardial scarring. High voltage is usually not diagnostic of abnormality, and may be found normally in a patient with a thin chest wall. It is also found in patients with hyperthyroidism and with ventricular hypertrophy. Some of the indices for ventricular hypertrophy are based on QRS amplitudes, and if these are used in interpretation, misdiagnoses may result if the overstandardization is not recognized and taken into the calculations.
The standardization record also should be observed for its characteristics. The time elapsing between the onset and completion of the vertical jump should be less than 0.02 second; otherwise the QRS is prolonged and distorted. The string should stop abruptly at the end of the 10 mm. shift, but if it is too loose, it continues upward for a short distance. This is called overshooting and results in too high an amplitude, slurring, and widening of the complexes which are produced by quick changes of voltage.
Inertia of the stylus because of excessive tightness or too much friction against the recording paper is detected in the standardization curve by slowness to achieve the 10 mm. deflection. At times it may produce curious QRS slurring and ST deviations. We have noted such artifacts frequently in certain types of the less expensive instruments'. There occur as a result depressions in all ST segments following an S wave, or elevations in all RT segments following an R wave. Diffuse subendocardial or diffuse subepicardial injury may be diagnosed falsely.
Interference due to 60 cycle alternating current produces characteristic artifacts. These occur regularly as fine spikes, at the characteristic frequency. The more common causes are (1) improper contacts at the extremities, due to dirty electrodes, improper application of jelly, or loose contacts;
(2) poor grounding of the electrocardiograph; (3) surrounding electrical appliances, with the magnetic fields being picked up by the patient or the instrument. If the resulting artifacts are large, the electrocardiogram may render impossible a sat is-. factory interpretation. We have seen a few instances in which atrial fibrillation has been misdiagnosed on the basis of such records.
A wandering baseline is usually due to dirty or corroded electrodes and may result in great difficulty in determining ST deviations and forms of T waves. In such tracings, adequate interpretations at times can be made by picking sections for analysis in which the baseline is steady for 3 successive complexes. If such cannot be found, the tracing should be repeated.
Irregular bizarre deflections may result from quick somatic body or extremity movements of the patient or instrument, improper contacts of connections with skin or electrodes, or electrical defects within the instrument. Such deflections usually can be recognized as artifacts, for the basic rhythm of the complexes can be discerned even within the deflections. These at times may resemble ventricular prematures, but absence of an associated T wave and the usual compensatory pause should rule out this possibility.
Somatic muscle tremor often has resulted in misinterpretation. If the tremor is rhythmic, as in parkinson-. ism, it may be particularly deceiving.
The regular QRS complexes can be detected within the wide deflections.
Rebounding of the stylus against the top or bottom of the recording apparatus may produce unusual notching and slurring of the QRS complex and obscure the true amplitude. The configuration may simulate impaired intraventricular conduction, and the intrinsicoid deflection may be falsely delayed. We have seen such a rebound produce an unusual elevation of the ST segment, falsely diagnosed as subepicardial injury of myocardial infarction or pericarditis. Such errors can be avoided by paying proper attention to the position of the complexes, which should be well centered and should not extend to the very edge of the recording paper. If the R or S reaches the edge, and there a notching or slurring artifact is noted, attempt should be made to find some section of the tracing where there is better centering. If the amplitude of the complexes in the precordial leads is too great for the paper, the standardization should be reduced to half.
Erroneous attachment of the lead wires may result in serious misinterpretation if not recognized. This is a common error in technique, especially if the technician is inexperienced or in a great hurry. We find it in about 2 to 3 per cent of our tracings at the hands of an experienced technical staff.
The most frequent type of lead wire reversal, at least that to be recognized, is the transposition of the right arm and left arm electrodes. There results a characteristic configuration, as lead I is inverted, lead II is actually lead III, and lead III is actually lead II.
Although this is the type of tracing seen in mirror image dextrocardia, the differentiation can be made by an inspection of the precordial leads. In RA·LA reversal, the precordial leads Technical Error In EI ctrocardiography V1-V6 show the usual type of progression. In mirror image dextrocardia, R waves show progressive diminution as one proceeds over the left chest, and are similar to the right chest leads in a normal heart.
All told, there are five possible combinations of intermixing of the three recording leads. By far the most frequent are simple switching of a pair of leads, and misplacements of all three are rare. To determine the actual recorded lead, the apparently recorded lead is first found on the inner triangle, and then the electrodes (with polarity respected) are found on the outer triangle. The outer triangle then reveals the actually recorded lead.
A simple inspection of a normal electrocardiogram reveals the difficulty if there has been a switching of two leads. In such cases, reversal of RA and LA results in inversion of lead I; reversal of RA and LL inversion of leads I, II, and III; reversal of LA and LL inversion of lead III. In spite of reversion, lead II is still equal to lead I plus lead III, as Kirchoff's law still applies. If the true electrocardiogram is abnormal, it may be much more difficult to determine the presence and type of lead reversal.
With the development of the fourth or right leg lead for grounding purposes, a new source of potential error was introduced. The right leg lead can be interchanged easily with any of the others. Fortunately, the most frequent interchange is probably with the left leg, and as the potentials are identical at the right and left leg, no significant error is introduced. The interposition of the right leg lead with the left arm or right arm leads can be easily detected, for in the lead setting which pairs the right leg with the left leg an isoelectric tracing is obtained.
In all varieties of transposition of the standard limb lead electrodes, the precordial leads are still valid, as the Wilson central terminal is derived from leads of all three recording extremities. However, if there is misplacement of the right leg electrode, the Wilson central terminal is no longer a null point (unless the right leg electrode is transposed with the left leg electrode) . Thus the recorded precordial V leads are not the true precordial leads.
"rhe precordial leads contribute a great deal to the interpretation of the electrocardiogram, and at the present time no tracing is considered adequate if it does not include at least the six precordial leads VI-V6. Too little attention is directed to instructing the technician in the importance of correct placement of the electrodes, as well as in the recording of these leads.
One of the more frequent errors in recording precordial leads is the failure of the technician to move the dial setting from the most recent lead, AVF, to V in making the tracing. Fortunately, this error can be recognized at a glance, as all the pre-, cordial leads merely retrace AVF.
Another error is that of smearing electrode jelly across the entire chest, instead of taking the time to apply it locally at each position. This results
In conduction of impulses from distant areas to the electrode, and the tracing then does not record from a sharply localized area. In figure lA the precordial leads were recorded after widespread application of electrode jelly across the precordium. The poor progression of the QRS and T waves in V1-V5 can be noted by comparison with figure IB, a properly made electrocardiogram on the same patient.
The technician must be instructed carefully in the proper placement of the chest electrode. In making the interpretation, the physician needs to assume that the positioning is proper. There is no simple way to detect such errors in positioning after the tracing has been recorded. Misplacement of chest electrodes may affect the usual transition from VI -V6, and thereby result in incorrect interpretation. We have seen two frequent types of error from faulty electrode placement. One of these is improper positioning of V 2 or Va, with one of these perhaps having been recorded too high or too far to the right. This may result in decrease in amplitude or disappearance of the initial R wave, and an erroneous diagnosis of anteroseptal scarring. Another occasional error is the recording of the anterolateral leads V5-V6 one to two interspaces above the proper (fifth interspace) levels. This may result in an unusual lowering of the R wave (and also deep S waves), which may lead to the suspicion of anterolateral scarring.
The precaution of correct chest electrode placement is especially necessary in taking serial electrocardiograms over intervals of days or weeks. In such cases, the exploring electrode must record the changes over the same area repeatedly to give accurate comparison. To some extent, gross errors in misplacement may be detected by observation of the QRS configuration in similar leads, assuming that the QRS remains relatively constant. Since the potentials vary markedly from point to point on the chest, it is usually rather hazardous to attribute marked significance to T wave changes which have occurred Mislabeling and mismounting of leads will not result in errors in interpretation if the tracing is read while it is still uncut. Machine labeling of each lead as taken usually enables the physician to check the pencil labeling if a mistake is suspected. Inversion of a lead can be detected easily by recognition that the P, QRS, and T waves are reversed.
DISCUSSION
It is apparent that most errors in recording of electrocardiograms can be avoided if the tracing is taken on a standard, well functioning instrument by a careful, well trained technician. Periodic checks of the electrocardiograph by the professional serv-iceman would seem desirable. There should be more frequent servicing by an electronics expert should technical errors appear in tracings which by a process of elimination seem to be due to the instrument.
The technician should realize his responsibility in avoiding possible grave technical errors which can result from breaks in proper procedure. The physician himself should be familiar with the instrument and recording technique in order that he can supervise and properly instruct the technician.
Most of the technical faults in the electrocardiogram can be recognized at a glance, but at times it may be impossible to determine whether an abnormality is genuine or due to poor recording. If such occurs, it is usually simple to repeat the tracing, perhaps in a different location and with a different instrument. This new tracing usually establishes the true situation.
SUMMARY
The technical errors in the recording of electrocardiograms have been presented, with illustrative case experiences.
Most of these errors can be avoided by careful technique and the use of a reliable instrument.
Proper attention to the possibility of the presence of recording errors during the process of an analysis and interpretation of an electrocardiogram usually results in the recognition of the technical defect and thereby avoidance of possibly serious misdiagnoses. •
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